Background: Adequate and effective hemodialysis (HD) improves health-related quality of life and reduces morbidity and mortality in patients with end-stage renal disease (ESRD). The efficacy of dialysis procedure applied on patients diagnosed with ESRD was evaluated in the current investigation. Materials and Methods: In the present pre-and post-test cohort study, out of 375 patients, 120 patients (46 males and 74 females) on thrice-weekly chronic HD program were followed up over 6 months for evaluation of dialysis efficacy and possible outcomes. The efficacy of HD was measured through the Kt/V method and urea reduction ratio (URR). Results: The current study showed that the studied population (thrice-weekly HD patients) represents a minority of patients, i.e., 35.2% (132 of 375), and all other receiving insufficient HD treatment usually on twice weekly around 3 h for each session (64.8%). The study showed that the dialysis adequacy of the patients reached an adequate level by Kt/v and URR, 73.3% and 68.3%, respectively; the dialysis adequacy was increased with an increase in blood flow rate (P = 0.042), dialysis session time (P = 0.005), and dialysis sessions (P = 0.008). Patients with lower body mass index and without comorbidities were more likely to have adequate dialysis (P = 0.004 and P = 0.02, respectively). Conclusions: HD treatment is suboptimal in Erbil Dialysis Center. Intensive follow-up and application of corrective measures may improve dialysis efficacy. Energetic efforts are required to examine and correct the reasons behind the dialysis inadequacy. 
IntroductIon
End-stage renal disease (ESRD) is an irreversible condition not compatible with life in which the patients should undergo either dialysis or kidney transplantation. The ESRD is the main outcome of chronic kidney disease (CKD) and has a significant impact on health-related quality of life and utilizing medical services. [1] Hemodialysis (HD) is defined as a process that removes accumulated solute from a patient with near-total or total loss of renal function. In the HD process, solute from blood is diffused into a physiological salt solution or dialysate. It is separated from the blood through a thin semipermeable membrane as the main component of the dialyzer. [2] The most significant criterion for the HD process evaluation is a measurement of dialysis adequacy as the clinical feature alone has no reliability to confirm dialysis adequacy. Adequate HD raises the patient survival, health-related quality of life, and biochemical outcomes and lowers complications of disease and disease-related hospitalizations. [3] It decreases morbidity and mortality. [4] The deficiencies in the delivered HD dose are not detected if frequent measurements are not performed, making delay in an implementation of a corrective action. The measurements could be done monthly as the patients are referred to blood testing each month. [5] The efficacy of dialysis is determined through the Kt/V and urea reduction ratio (URR) estimation method. [6] It is vitally significant to monitor the dialysis process for overall quality improvement. Optimum timing treatment in patients with CKD is important as it prevents serious complications such as fluid overload, malnutrition, depression, bleeding, serositis, infertility, peripheral neuropathy, cognitive impairment, and increased vulnerability to infection. [2] The efficacy of dialysis procedure applied on patients diagnosed with ESRD was evaluated in the current investigation. The authors predicted the effectiveness of dialysis procedure on urea reduction in the mentioned patients.
MaterIals and Methods

Study design and sampling
In the current pre-and post-evaluation cohort study, a total of 120 patients on thrice-weekly HD with a mean age of 49 years who underwent dialysis in the Erbil Dialysis Center were followed up for 6 months for the evaluation of dialysis efficacy and possible outcomes. The dialysis was undertaken by two different machines, GAMBRO (Healthcare Industry, www.gambro.com) and BELLCO (Italian company, Healthcare Industry), under dialysis membrane type 170H between January and June 2018. The total number of patients who underwent dialysis in GAMBRO machine was 70 and that of BELLCO machine was 62.
The medical records of the patients were reviewed by the authors for the eligibility criteria which were all HD patients on thrice-weekly dialysis sessions for at least 6 months. Patients who received less than three HD sessions/week were excluded from the study. Of the total 375 HD patients at Erbil Dialysis Center, of 132 patients recruited in the study, six patients were subsequently excluded because of unwillingness to participate or difficult to trace and other six patients died during the study period. The information of the remaining 120 patients was analyzed.
Over the study period, the patients skipped some sessions of dialysis owing to different physical and logistic factors such as vomiting, diarrhea, high/low blood pressure, cramping, discomfort from vein punctures, personal time conflicts, waiting time for treatment, feelings of being tired of dialysis, and difficulty in transportation.
The study was conducted according to Helsinki ethical guidelines and approved by the local Ethical Committee of Kurdistan Board for Medical Specialties. The written consent forms were taken from all patients prior to recruitment in the study, and complete guarantee was given for confidentiality of their personal information.
The studied patients were subjected to the full clinical history, clinical examination, and relevant laboratory investigations. The diagnosis of the renal clinical conditions was established according to the latest guidelines of the National Kidney Foundation. [7] The sociodemographic aspects of the patients were collected through the self-reported technique, including age, gender, having current chronic diseases, kidney transplantation history, and dialysis vintage. Vascular access was arteriovenous fistula for all patients. The dialysis procedure parameters were represented in number of session, blood flow rate (BFR) (ml/min), ultrafiltration (UF) volume (liter), and dialysis session time (hours).
Body mass index (BMI) was calculated by the following formula: BMI = weight (kg)/height (m 2 ).
The efficacy of dialysis procedure was calculated by the measurement of Kt/V determined through the single-pool urea kinetic modeling using the Daugirdas formula as mentioned below:
Where R is the ratio of postdialysis blood urea nitrogen (BUN) (BUN = BU/2.1422) to predialysis BUN, t is time on dialysis in hours, BW is (postdialysis) body weight in kilogram, and UF is ultrafiltration blood volume in liter.
According to the Kt/V values, the patients were divided into two groups, including adequate dialysis dose (Kt/V ≥1.2) and inadequate dialysis dose (Kt/V <1.2).
[8]
The mean Kt/V of three sessions was estimated for each patient in the 1 st month and repeated at last month.
The URR was measured by the following equation:
Where U pre is the predialysis urea level and U post is the postdialysis urea level.
The URR ≥65% was considered as adequate URR and <65% as inadequate.
Statistical methods
The descriptive purposes of the study were determined by the frequency and percentage or mean and standard deviation. The difference in efficacy of dialysis among different sessions was measured through the analytical statistical tests such as independent t-test, Chi-squared test, and Fishers' exact test. The statistical calculations were performed using Statistical Package for the Social Sciences version 24 (SPSS, IBM Company, Chicago, USA). P < 0.05 was considered as the statistically significant difference.
results
The study showed no statistically significant difference between the adequate dialysis group compared to inadequate group regarding age (P = 0.728), dialysis vintage (P = 0.459), fistula duration (P = 0.777), and dialysis machine (P = 0.044) [ Table 1 ].
The study revealed that the female patients and those with a lower BMI were more likely to reach the adequate HD (P = 0.004 and P = 0.046, respectively), while those patients who underwent kidney transplantation were less likely to receive the adequate HD (P = 0.001) [ Table 1 ].
The study did show that HD adequacy is significantly increased with intensive follow-up and application of corrective measures to ascertain an increase in BFR (P = 0.042), increase in dialysis (thrice-weekly HD) represented a minority of patients, i.e., 35.2% (132 of 375), and all other receiving insufficient HD treatment usually on twice weekly around 3 h for each session (64.8%). This may be attributed to various reasons such as financial constraints, accessibility to facilities, patient unwillingness, shortage of machines and appliances, time conflict, and difficulty in transportation.
The current study showed that the HD dose is more likely to be adequate with an increase in BFR, dialysis time, dialysis session, and UF volume (P < 0.05). Adequate and effective dialysis has an important role in the improvement of the quality of life and a reduction in kidney-related complications, subsequently resulting in a significant reduction in kidney failure-related mortality. [9] The aim of the dialysis is to remove the excess material and toxins and stabilize the internal environment of the body. These excess materials are responsible for permanent injury. [10] Therefore, the findings of the present study are so important to patient safety, efficiency of dialysis, and to the health managers in this region.
The dialysis adequacy rates vary from one study to another one. For instance, a systematic review from Iran showed that the rate of dialysis adequacy is between 2.3% and 77.9% and that of URR is between 5% and 72.7% in Iran. [9] The reported findings in the present study are abet higher than that reported in some developing countries, for example, Egypt (45%), [8, 11] Iran (43.3%), Nepal (25%), Brazil (50%), and Nigeria (45.3%), [12] and it is lower than that reported in the USA (90%) and France (84%). [13] In congruence with the present study, other studies showed that an increase in BFR is significantly associated with an increase in dialysis adequacy. [14] This increase in dialysis adequacy comes from the calculations according to the Kt/V formula if BFR is 251 and above.
Our study revealed a positive correlation between dialysis session time and dialysis adequacy, and there is a trend even The study revealed that those patients with comorbidities such as ischemic heart disease, heart failure, diabetes mellitus, infection, thyroid disorders, anemia, hypoalbuminemia, respiratory condition, and depression were less likely to receive adequate dialysis compared to the patients without comorbidities (P = 0.02) [ Table 4 ].
The correlation of URR and total efficacy showed significant positive correlation, as shown in Figure 1. 
dIscussIon
The current study showed that the studied population to extend HD (longer duration and/more frequent HD sessions in a week) more than standard dialysis time (9-12 h per week) with better outcome, even the patients lose a substantial level of dialysis adequacy when lose 5 minutes of a dialysis session. [11, 13] In our study, repeated skip dialysis sessions (low adherence) decrease the dialysis efficacy; these findings regarding the frequency of dialysis are so important and are in agreement with the other study. [15] The factors attributed to the skip dialysis sessions by some patients in the present study include medical problems life tasks, transportation, and patient decisions.
We did find a significant association between dialysis inadequacy and patients' comorbidities (P = 0.02). Increasing age, cardiovascular diseases, diabetes mellitus, and poor nutrition are the most important comorbidities anticipating the worse outcomes of patients with ESRD. [16] The mortality rate was 10%/year in the present study (only six patients/6 months). It is higher that a rate reported in Japan and lower than it reported in Germany (16.9%), Spain (13.4%), and the UK (18.0%). [17, 18] The discrepancies of mortality rate among different countries could be referred to patient selection methods and their comorbidities.
Limitations of the study
Limitations of the study include patients were followed up for a 6-month period precluding us to make a judgment on a longer period and the sample size of the present study does not allow us to generalize the findings to patients in other settings across the country.
conclusIons
HD treatment is adequate in Erbil Dialysis Center. The study showed that intensive follow-up and application of corrective measures promote dialysis adequacy. Energetic efforts are required to increase dialysis adequacy with increased BFR, dialysis vintage, dialysis session, UF volume, low BMI, and proper management of patient's comorbidities.
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